This study summarizes 660 events involving captured, live-stranded and dead cetaceans in South Australia between 1881 and 2000. Emphasis is placed on records (n = 361) during 1985−2000 when an active necropsy programme was underway. Average number of events per year was 30.4 and the most common species were the short-beaked common dolphin (Delphinus delphis) and Indo-Pacific bottlenose dolphin (Tursiops aduncus). Records were assigned to nine categories of circumstance/cause of death. Summarizing the total database, 60% were unknown circumstance, 22% not obviously anthropogenic, 13% unintentional human-related and 5% intentional human-related. In the data set of records for 1985−2000, 50% were unknown, 25% were not obviously anthropogenic, 20% were unintentional humanrelated and 5% were intentional killings. Non-anthropogenic circumstances included neonatal deaths, live strandings, significant diseases, shark attacks and choking. Cornynebacterium ulcerans is recorded for the first time in a cetacean. Unintentional circumstances included entanglement in fishing and aquaculture equipment (17% of necropsied carcasses from 1985−2000) and boat strikes. Intentional human-related circumstances were captures for live display and illegal killing. Five percent of the necropsied carcasses during 1985−2000 were attributed to shootings or stabbings/spearings. There is need for a formal reporting procedure for marine mammal deaths and human interaction involving injury and for steps to be taken to reduce human impacts.
CONSERVATION of marine mammals requires knowledge of many aspects of species' biologies, including causes and rates of mortality. Cetacean mortalities are the result of natural events and circumstances (e.g., live strandings, disease, birthing difficulties) and human activities, including intentional (e.g., killing, captures for display in oceanaria) and unintentional events (e.g., entanglement in fishing equipment, collisions with boats, direct and indirect effects of pollution). In Australia, there is generally inadequate resourcing to routinely collect carcasses, perform post-mortem examinations and determine cause of death for cetaceans.
Numerous studies have summarized species lists of cetacean strandings and beach-washed carcasses for particular regions, including parts of Australia (McManus et al. 1984; Nicol and Croome 1988; Nicol 1990; Kemper and Ling 1991; Chatto and Warneke 2000) or published annotated lists of cetacean specimens in Australian state museums (Aitken 1971; Paterson 1986 Paterson , 1994 Dixon and Frigo 1994) . The Australian Government provides annual reports on bycatch and intentional capture of cetaceans to the International Whaling Commission (EA 1984 (EA −2000 . However, no publications are available for Australia that summarize regional records into known causes of mortality. Several are available for other countries or regions (Duguy 1978; Stroud and Roffe 1979; DeMaster et al. 1985; Silva and Sequeira 2003) .
Specific events and circumstances that involve anthropogenic influences on cetacean mortality have been reported in many publications using nonAustralian data, especially those pertaining to fisheries interactions (DeMaster et al. 1985; Waring et al. 1990; Cockroft and Ross 1991; Dawson 1991; Slooten and Lad 1991; Kuiken et al. 1994; Lien et al. 1994; Perrin et al. 1994; Stacey et al. 1997; Silva and Sequeira 2003) and outbreaks of disease such as morbillivirus (Duignan et al. 1996; Van Bressem et al. 2001) . Studies of human-related mortality of cetaceans in the Australian region summarize records from protective shark netting along New South Wales and Queensland beaches (Paterson 1990; Krogh and Reid 1996; Gribble et al. 1998) , the pelagic gillnet fishery in the Timor and Arafura Sea (Harwood et al. 1984) and southern bluefin tuna aquaculture in South Australia (Kemper and Gibbs 2001, Kemper et al. 2003) as well as yearly summaries of bycatch by the Australian Government (EA 1984 (EA −2000 . This study summarizes records obtained opportunistically in South Australia (SA) since 1881. Emphasis is placed on information between 1985 and 2000 because the South Australian Museum (SAM) had an active programme of retrieving and studying all available carcasses during this period. Necropsies were performed primarily to study life history and other aspects of cetacean biology. In the process, cause of death was determined for many animals. Prior to 1985 some carcasses were collected for the SAM but necropsies were not carried out.
MATERIALS AND METHODS
The database that formed the basis for this study contained 660 records of events involving livestranded cetaceans and carcasses (see categories below) from SA during 1881−2000. Records of skeletal remains were excluded, as were those where it was unknown if the specimen was a carcass or pick-up skeleton/skull. Specimens of 482 individuals were lodged in the collections of the SAM. In the following summaries, emphasis is placed on the 361 carcasses necropsied by the SAM and associates between 1985 and 2000. When specimens were not studied by the SAM, observations were reported by officers of National Parks and Wildlife South Australia and Primary Industries South Australia (Fisheries) or members of the public. Photographs of these animals supplied by observers often enabled species verification. Substantiating cause of death was usually possible only for carcasses studied by the SAM.
The necropsy programme began in 1985 as one that primarily sampled organs and tissues for life history and taxonomic studies. Detailed biological notes were taken, including external measurements (as per Baker 1999), reproductive condition, parasites, injuries, carcass decomposition (Geraci and Lounsbury 1993) and stomach contents. Carcasses were dissected with or without prior freezing. For the first 10 years veterinary expertise was available during relatively few necropsies. From about 1995, general veterinary necropsy procedures were carried out (by MH) on most carcasses that were collected for the Museum. Specific variations from these were as follows. Firstly, collection requirements of the SAM precluded damage to bone, consequently bone marrow and brain tissue were not examined. Secondly, time and funding constraints limited the examination in the majority of cases to a gross postmortem. Some carcasses that were relatively fresh and/or were of particular interest had histopathology performed on selected tissues. Microbial culture and sensitivity testing was performed by Veterinary Pathology Services, Adelaide and IDEXX Laboratories Pty Ltd on some of the fresh carcasses that were not frozen prior to necropsy. No attempt was made to test for the presence of neurotoxins or morbillivirus.
Forensic examinations (carried out by RB) began in 1999 and during this and 2000 four dolphins underwent full external examinations with careful written and photographic documentation of wounds. Dissections were then undertaken to determine the nature of possible weapons involved and whether wounds had occurred ante-or post-mortem and had been lethal or not. Samples were taken from a variety of organs for histologic examination and blood and tissues were taken for toxicological examinations and for possible DNA matching if weapons were subsequently found.
Records were assigned to the following categories of the circumstance/cause of death according to one or more of the listed criteria: U = unknown (no conclusive evidence of cause of death, i.e., insufficient information, too decomposed, incomplete specimen) S = live-stranded (seen alive on the beach and either put back to sea, euthanased or later died. Group strandings i.e., > 3 individuals were assumed to have been live strandings) D = disease (heart disease, infection, pneumonia, excessive parasite load) ON = other 'natural' (i.e., non-anthropogenic) causes (starvation, neonatal death, shark attack, choked on shark, congenital heart defects) E = known entanglement in fishing or aquaculture gear (animal found dead in net or fishing line or parts of gear found on beach-washed carcass) EP = probable entanglement in fishing or aquaculture gear (dorsal fin, flukes or flippers cut off; belly slit; net marks present; sometimes also evidence of sudden death e.g., food in oesophagus, stomach full, lipid collection in the mesenteric lymphatic vessels) (see DeMaster et al. 1985 , Hare and Mead 1987 , Kuiken 1996 Read and Murray 2000) . OU = other unintentional human-related circumstances (boat strike, propeller wounds, skull fracture, sometimes also evidence of sudden death e.g. food in oesophagus, stomach full, lipid collection in mesentery lymphatic vessels) C = captured for oceanarium (Marineland of South Australia) I = intentional killing by humans (shot i.e., projectile found, clear hole in skull or postcranial skeleton; speared/stabbed, i.e., external or internal wounds suggest human interference before death)
Scientific and common names follow those of Rice (1998) except for the southern right whale (Eubalaena australis instead of Balaena glacialis australis) and Indo-Pacific bottlenose dolphin (Tursiops aduncus) instead of Indian Ocean bottlenose dolphin. It was not always possible to classify bottlenose dolphins to species level (i.e., common bottlenose dolphin Tursiops truncatus versus T. aduncus) due to difficulty in identifying uncollected specimens so in some instances the generic term 'bottlenose dolphin' (i.e., Tursiops spp.) was used.
RESULTS

Summary statistics
The following summaries relate to number of individuals but do not include animals from group strandings (i.e., > 3 individuals), since these would have inflated the live stranding (S) category. A summary of circumstances for all records of intact carcassses (see Materials and Methods) between 1881 and 2000 (n = 660) gave the following proportions: 60% unknown, 22% not obviously anthropogenic (S, D, ON), 13% unintentional humanrelated (E, EP, OU) and 5% intentional humanrelated (C, I). Fig. 1 summarizes the number of animals and proportions in each category after unknowns were excluded. The highest category was live-stranded, followed by other natural, known entanglement and probable entanglement.
The most useful dataset was that of animals studied from 1985 to 2000 because most of the dead animals were necropsied by the SAM and there were many more carcasses reported and collected during this period. However, some were very decomposed and cause of death difficult to establish, and not all dissections were attended by a veterinarian or forensic pathologist. Of the 361 animals, 180 (50%) were unknown circumstance, 25% were not obviously anthropogenic (S, D, ON), 20% were unintentional (E, EP, OU) and 5% were intentional human-related circumstances (I). Fig. 2 presents the results as proportions of the known cases (i.e., 181).
Small cetaceans, mostly the short-beaked common dolphin (Delphinus delphis) and bottlenose dolphins (Tursiops spp.), made up the majority of records followed by small, then large whale species (Table 1 
Non-anthropogenic circumstances
Known live strandings of 73 animals (11% of all records, 20 species, strandings of > 3 individuals excluded) were recorded during 1881−2000. Many additional animals may have stranded alive because their carcasses were very fresh when first discovered. Kemper and Ling (1991) reported six group strandings. An additional three occurred during the 1990s (Table 2 ) bringing the total to nine for SA. It is not known how many live-stranded animals died after being returned to sea.
Significant diseases, probably leading to the death of the animals, were found in 29 carcasses of four species; D. delphis, Tursiops spp., dwarf sperm whale (Kogia sima), sperm whale (Physeter macrocephalus). These should be considered minimum figures since full pathology testing was carried out on only a few individuals. The types of pathological findings reported include heart disease (dilatative cardio-myopathy), multi-organ bacterial sepsis, enterotoxaemia, Corynebacterium ulcerans, pneumonia and considerable nematode infections in the lungs. The C. ulcerans infection was identified from several deep and surface sores in a T. aduncus from the Port River, Adelaide. This organism is usually associated with subacute bovine mastitis and has not been previously recorded in a cetacean.
Forty animals (nine species) were found to have died of other 'natural' causes (ON). Neonatal deaths (n = 31), including several cases of D. delphis and Tursiops spp. with atrial septal defects in their heart, were the most commonly recorded examples. Neonatal deaths were recorded in the long-finned pilot whale (Globicephala melas), short-finned pilot whale (Globicephala macrorhynchus), false killer whale (Pseudorca crassidens), D. delphis, T. (Fig. 3) . Monofilament net, some of which is used in shark fishing, was recorded in four cases.
Other unintentional deaths included four known (i.e., deep propeller wounds found on body) and five possible cases of boat strike (i.e., extensive haemorrhaging on back, fatal head trauma), and a fishing hook and sinker lodged in the mouth (1). D. delphis and T. aduncus were involved in all cases except one − a subadult E. australis suspected to have been hit by a large vessel in 1981. In addition, three decomposed dolphins were included in this category because they were found buried on a beach under suspicious circumstances and subsequent investigation suggested entanglement in fishing nets.
Captures and intentional killings by humans
Marineland of South Australia collected at least five live T. aduncus from upper Spencer Gulf (probably off Port Broughton) and at least one near Adelaide (off Port Stanvac) during 1969 for display at their Adelaide oceanarium (Ross 1989) . Of the 25 records of intentional killing during 1881−2000, one E. australis and one G. melas were shot before cetaceans were protected and therefore did not involve illegal events. Nineteen of the records (10 D. delphis, 9 Tursiops spp.) dated from 1985 and were 5% of the specimens studied by the SAM. Most occurred since 1989. Two T. aduncus were stabbed − a calf with a single stab wound through the aorta and an adult with a single stab wound to the heart (Gilbert et al. 2000; Byard et al. 2001) , and four probably speared with unknown objects. Fourteen dolphins (8 D. delphis, 6 T. aduncus) were shot between 1985 and 2000 and recovered projectiles showed that shotguns and rifles (air, 22, high-calibre) were used. The number of shot animals included four D. delphis used as bait in cray fishing operations off Kangaroo Island in a single incident during 1990. Shotgun wounds were not always the immediate cause of death − at least one T. aduncus died of secondary pneumonia. Illegal killings occurred in various parts of the State, with apparent concentrations off the lower Eyre Peninsula (n = 8) and near Adelaide (n = 6). 
DISCUSSION
A high number of carcasses involved animals of unknown circumstance of death − 50% of the 1985−2000 dataset. This is in part because many carcasses were not investigated by a veterinarian or pathologist and as a result only the most obvious of diseases and injuries were noted. Also, unequivocal evidence for cause of death is often hard to obtain and there is little information available on cetacean pathology (particularly for Australian populations), as this is a specialist field. Many of the carcasses were too decomposed to make a diagnosis possible and even when carcasses were fresh, they were usually frozen before examination, thus excluding the detection of bacterial and viral infections.
Kemper and Ling (1991) summarized the species, distribution and age groups of cetacean carcasses and live strandings in SA up to 1989. This and the present study show that the most commonly recorded species were D. delphis and T. aduncus, probably because these are more abundant than others in coastal waters. Sergeant (1979) concluded that the number of strandings of cetacean species reflects their abundance nearby, although in some species anthropogenic mortality may be high, thus giving a false impression of abundance (Mead 1979) . Of the five other most numerous species in the database (i.e., 23 or more records), P. macrocephalus, M. layardii and G. melas are considered to be primarily oceanic (Bannister et al. 1996) . C. marginata and the pygmy sperm whale (Kogia breviceps) may occur in both the neritic environment of the inner continental shelf and the oceanic habitats beyond the shelf.
Twenty of the 27 species recorded during the study live-stranded and most of these events were fatal. Live stranding events in SA usually involved 1 -3 animals and made up at least 11% of the total records. Mead (1979) found that 17% of strandings on the eastern coast of the USA were live strandings. In this study the category live-stranded included some animals that were diseased or injured and these were categorised as the latter.
Live strandings sometimes involve many individuals of oceanic and highly social species (Geraci and St Aubin 1979; Mead 1979). There have been only nine group strandings (i.e., > 3 animals) in SA, possibly because much of the State is bordered by a very broad continental shelf and is therefore not prime habitat for oceanic species. Group strandings frequently occur in some other Australian states, particularly Tasmania (Nicol and Croome 1988; Evans et al. 2002) . (Reidarson et al. 1998; Van Bressem et al. 2001) . Dinoflagellate marine toxins sometimes lead to mass die-offs of marine mammals such as those along the east coast of the USA (Bossart et al. 2002) . Tests for morbillivirus and neurotoxins were not carried out during the present study.
Marineland of South
Relative to other regions of the world, anthropogenic mortality of cetaceans may be high (25% of the 1985−2000 cases) in SA, although few studies are available for comparison. In the southeastern USA, Burn and Scott (1988, in Perrin et al. 1994) found that 7% of the mortality there was related to human activities. Fisheries interactions were responsible for up to 44% of 'strandings' of D. delphis along the Portuguese coast (Silva and Sequeira 2003). Caribbean mantees (Trichechus manatus) have high rates of anthropogenic-induced mortality (32.7%) in Florida (Wright et al. 2002) . It is important that other Australian states and territories gather and summarise data on anthropogenic mortality of cetaceans so that wildlife agencies can manage the issue.
Unintentional death and injury of cetaceans as a result of human activities occur each year in Australia (EA 1984 (EA −2000 . For example, four instances of collisions with boats were reported to have occurred during the Sydney to Hobart yacht race during 1995 alone. In SA, there have been 10 cases of boat strike, including a dead adult E. australis hit and probably killed by a ferry off Cape Jervis in July 2001. Boat strike is considered one of the major causes of death of the endangered northern right whale (Eubalaena glacialis) off the east coast of North America (NMFS 1991).
Entanglement in fishing equipment is the most common anthropogenic source of mortality for small cetaceans (Read and Murray 2000) and in some cases the proportion of animals studied can be very high e.g., 63% (Cox et al. 1998) and 79% (Kuiken et al. 1994) 
of harbour porpoise (Phocoena phocoena).
Extensive literature is available on bycatch of dolphins and porpoises (reviewed by Perrin et al. 1994) , including the effectiveness of available methods of reducing mortality (Reeves et al. 1996) . Under-reporting of entanglements is believed to be common place (DeMaster et al. 1985; Lien 1994) . Although most studies focused on gill or purse seine net entanglements, other types of equipment are involved. For example, Wells et al. (1998) found that 27% of T. truncatus in Sarasota Bay, Florida, died as a result of entanglement in monofilament fishing line.
Very few studies have been carried out on entanglement of cetaceans in Australian waters. Annual summaries of strandings, carcasses and incidental capture (EA 1984 (EA −2000 provide some insight into the minimum extent of entanglement. The Southern Shark Fishery reported 10 'dolphin' mortalities off SA (not included in the present study) during a 2-year period and noted that many of the interactions occurred in coastal waters (AFMA 2002) . This fishery uses mostly demersally-set gill nets. In the offshore gillnet fishery north of Australia Harwood et al. (1984) estimated that over 4500 small cetaceans (four species) were caught between 1981 and 1983. Subsequent attempts to reduce mortality showed that there was no reduction when acoustic devices were employed but a 50% reduction when nets were set 4.5 m below the sea surface (Hembree and Harwood 1987). Estimates of incidental capture of dolphins in inshore gillnetting in Northern Territory were approximately 150 per year during the mid 1980s (SC/37/Progress Report Australia, to International Whaling Commission). Monitoring mammals, fish and reptiles that die in anti-shark netting to protect bathers on Queensland beaches averaged 20 dolphins per year between 1962 and 1988 (Paterson 1990 . With improved shark-netting methods, the annual average dropped to 10 dolphins (Gribble et al. 1998) . Along the New South Wales coast 1 − 2 dolphins per year were recorded in antishark nets between 1980 and 1993 (Krogh and Reid 1996 . Anti-shark netting is rarely used along SA beaches but anecdotal reports suggest entanglements have occurred (T. Collins, pers. comm. 2002) .
Most reports of entanglement of large cetaceans in Australia involve E. australis and M. novaeangliae along the eastern and western coasts of the continent, perhaps because these populations are increasing (Bannister et al. 1996) . In SA, both cases of large cetacean entanglements reported during 1985−2000 involved sperm whales and fishing long-lines. In addition, one E. australis died in July 2001 after having a long-line wrapped around the tail-stock for some months (SAM, unpubl. data). During 1991−1997 the Australian Fishing Zone observer programme of the Japanese long-line fishery recorded no cetacean bycatch off southern Australia (AFMA 2001). Although not considered an entanglement as such, a M. novaeangliae became trapped in a tuna aquaculture cage in 1993 (Kemper et al. 2003) . Entanglement of E. glacialis is thought to be a major cause of death for this species along the eastern seaboard of USA (NMFS 1991) . Lien (1994) reported over 700 large whales, many which were M. novaeangliae and the northern minke whale (Balaenoptera acutorostrata), entrapped in inshore fishing gear over a 21-year period in Newfoundland and Labrador. Baird et al. (2002) estimated that 27% of reported gray whale (Eschrichtius robustus) mortalities along the British Columbia coast were incidental to fishing activities. A number of D. delphis, some with signs of entanglement, washed up dead in the Port Lincoln and Coffin Bay regions during the latter part of our study. Since many Delphinus spp. are known to have died in trawling and purse-seining operations elsewhere (Waring et al. 1990; Kuiken et al. 1994; Silva and Sequeira 2003) and pilchards are purseseined off the lower Eyre Peninsula, it is possible that the mortalities are related to these activities. Also, there are anecdotal reports of incidental mortality and intentional killing of dolphins during pilchard fishing there. D. delphis is a bycatch species (20 − 30 / year) of the jack mackerel trawling industry off New Zealand (Slooten and Dawson 1995) . In the Celtic Sea it is often fatally entangled during shooting and hauling of bottom set gill nets (Tregenza et al. 1997) .
The intentional killing of dolphins, usually by shooting, has been reported in small numbers in Victoria and Western Australia (EA 1984 (EA −2000 . In SA intentional killing of cetaceans made up at least 10% of the cases of known circumstance of death since 1985. At the SAM the process of macerating skeletons in fine-meshed containers increases the chances of recovering shotgun and rifle projectiles, and the damage caused to bone by these weapons is also easy to determine. These factors increase the detection of intentional killings relative to other causes of death. The apparent concentration of illegal killings in the Adelaide and Port Lincoln regions may be an artefact of more intense reporting where there are more humans.
The incidence of various types of mortality summarized in the present study should be considered minimum because it was not possible to estimate the cases not reported to the programme. Also, easy-to-detect circumstances such as obvious injuries (especially those inflicted intentionally by humans) are likely to be proportionally higher whereas disease, parasites, and effects of toxic contaminants may be underestimated. Some deaths as a result of unintentional human interactions (e.g., entanglement) are difficult to determine outright and indirect evidence is often used. 
